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I.  I N i R O l U  ( :J [O N

U n c e  r t a  i r i t i t ’ s i n  t he  F - at o t i i  c o nc e n t r a t i o ns  in t he  cav i ty  f low r eg ion

01 e t c  11 and  l)F t h e n n  a l  l a s e r s  h a t e  harn~)er e d  c h e m i c a l  e f f i c i e n c y

c a l c u l a ti o n s  and p l agued  an a l ~~ it  a l  at t em p t s t I ,  model  t h i s  ty p e  l a s e r  s i n c e

i ts  i nc e  p t ion  in I ‘)t) 1) [1 , 2] .  1 — at l  on ut i c  r t a i n t  ie s in  t h e  c a v i t y  r eg ion a r i s e

both .is a r e s u l t  i , t  u n c e r t a i nt i e s  in  1 — a t l ) ! ,  I co t~ en t r a t i on s  in  t he  p l e n u m

( r e s u l t i ng  f r o m  t e m p e r a t u r e  u n c e r t a i n ty  and n u n e q u i l i I ) r i u r l l c hew  ist  r y

e t f e c t s )  and  u n c e r t a i n t i es  i n t r o d u c e d  by tt a l l  r e ’. u m b i n a t i u n  of F a tom s  in

t h e  e x p a n s i o n  n o z z l e s  [3 , 4~ . 1 h i s  s i t u at i o n  e x i s t s  t I I r  both a r t  - h e at e d  and

c o m b u s t o r  -hea t ed  c h e m ic a l  l a s e r s .

A t e c h n i que  was d e ve l o p e d  to m e a s u r e  a ve r a g e  1
2 

c o n c e n t r at i on s

a l o n g  a l i n e  in t he  n o z z le  f l o w s  f r o m  wh i c h  the  a v e r ag e  F - a t o m  concen tr a -

t i on  ( c)uld he c a l c u l a t e d  f o r  c o nd i t i o ns  of k n o w n  to ta l  F
2 f l o w .

I.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :4
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In th is  method , simp le a b s o rp t i o n  by the F2 c o n t i n u u m  ‘was u sed

to d e t e r m i n e  F2 c o n c e n t r a t i on . P rev ious  w o r k  in the a r e a  of d i f fe r-

t ’n t i a l  F2 absorp t ion  m e a s u r e m e n t  was p e r f o r m e d  by Suchard and

B er g er s o n  [5] .  The c u r r e nt  method was d e m o n s t r a t e d  and app lied in the

d e t e r m i n a t i o n  of the a v e r a g e  F
2 concen t r a t i on  in the ar c - h e a t e d  f low of a

s t anda rd  ~6-s1it , cw , HF(DF)  c h e m i c a l  laser  MESA n o z z l e .  A Liconix

Mode l  301M HeCd modula tab le  laser  o p e r a t i n g  at 325 nm was e mp loyed to

probe  the f low.  The d i f f e r e n c e  between the probe-beam and r e f e r e n c e - b e a m

i n t e n s i t i e s  was m e a s u r e d  with two indepe ndent  s i l icon photovol ta ic  d e t e c t o r s

and d i sp layed on an o sc i l l o scope  for  F 2 in the flow and no F 2 in the f low.

A sen s i t i v i t y  of - 10 ’”
~ was m e a s u r e d , which c o r r e sp o n d s  to a

p r e s s u r e - p a t h  length product  of 0 . 2 1 5  To r r  cm at 300 K.

Fi gure  1 is a s c h e m a t i c  of the  F2 a b s o r p t i o n  e x p e r i m e n t. The

Licon ix  laser is square -wave  modulated at — 2 0  l iz  b y an I n t e r s t a t e  Elec-

t r o n i c s  Model P25 pulse g e n e r a t o r .  The acous to -op t i c , i n t r a c a v i ty

modula t ion  emp loyed in t h i s  l aser  is essen t ia l  to e l imina te  d i f f e r e n t i a l

t r a n s i e n t s  that  a re  genera ted  when m e c h a n i c a l  c h o p p e r s  a r e  emp loyed. The

pu l se  g e n e r a t o r  also prov ides an ex t e rna l  s y n c  s igna l  f o r  the  T e k t r o n i x

Model 545 scope , which has a Tek t ron ix  Model IA 7 A  1O-1.i V sens i t iv i ty

d i f f e r e n t i a l  p lug- in  amp li f i e r .

The modulated laser  beam i8 passed t h r o u g h a sapph i r e  pr ism b e f o r e

beam-sp l i t t ing  to e l im ina t e  the  weak h o r i z on t a l l y  polar ized beam f r o m  the

-9-
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o p t i c a l  pa th , w h i c h  o t h e r w i s e  p r o d u c e s  d i f f e r e n t i a l  t r a ns i e n t  no i se  si g n a l s

because  of t he  d i f f e r e n c e s  in laser  t u r n - o n  and t u r n-o f f  t i m e s  and beam-

sp l i t t e r  r e f l e c t i vi t i e s  and t r a n sm i s s i v i t i e s, or both , r e l a t i v e  to the ver t i -

cal l y p o l a r i z e d  beam. The beam sp l i t t e r  is a 6. Z 5 - m m - t h i c k  CaF 2 
f l a t

o r i e n t e d  at ‘~‘- 45 deg to the op t i ca l  path.  A th i ck  f la t  (or  wed ge)  is used as

a beam sp li t te r to e l i m i n a t e  one of the r e f l e c t e d  beams to avoid noise

L ’e n e r a te d  f r o m  i n te r f e r e n c e  effe c ts in the r e f e r e n c e- b e a m  detec to r . Orienta-

t i o n  of the  i l a t  at ‘-‘-‘45  deg r e s u l t s  in a ‘-~~15~~I r e f l e c t i o n  of the  S p o l a r i z e d

b e a m  f r o m  one s u r f a ce  of the  f l a t .  The 85’~, t r a n s m i t t e d  probe  beam is

a t t enua ted  to about  t h i s  l eve l  b y t r a n s m i s s i o n  t h r o u g h  windows  c o n t a i n i n g

the a b s o r p t i o n  m e a s u r e m e n t  r eg ion and (p r i n c i pall y )  t h r o u g h t r a n s m i s s i o n

t h r o u g h a n a r r o w  band o p t i c a l  f i l t e r  c e n t e r e d  at 32 5 -n m  w a v e l e n g t h

(T ‘ -‘ 16’~~) .  The r e f e r e n c e  beam also passes  t h r o u g h a q u a r t z , l i nea r  opt ica l

d e n s i t y  wed ge of o p a c i t y r a n g e  0 to 0. 1. T r a n s l a t i o n  of t h i s  opt ica l  d e n s i ty

wed ge t r a n s v e r s e  to the  o p t i c a l  path a l lows  r e f i n e d  i n t e n s i t y  v a r i a t i o n  of

the  r e f e r e n c e  beam to b r i n g  t h e  two b e a m s ,  , I S  m e a s u r e d  on the  two l G ~~(;

Model  UV 4 4 4 B  s i l i  . o i i  ph o t ov o l t a i c  de te  to  rs  • t I l t ’  I ~ c o i t r i i t o  III of / e ro

d i f f e r e n t i a l  si g n a l .

The d e t e c t o r s  w e r e  c o n n e c t e d  t I  t h e  d t t f t - r t  I t  t a  in p u t  j a i. k s  ot t h e

T e k t r o n i x  Model  IA 7 A  10-~iV d i f f e r e n t i a l  an i p l i t i e r  t i m  t t e r t -  i~h u t i t e d  b y

10O0— ~ load r e s i s t o r s .  These  load r e s i s t o r s  ?1I , i fl~ I fl, (l T ) h I ) t ) V I ) l t , I l c

ope r a t i on  in the  l inear  reg ion of the  c h a r a c t e ri s t i  t u r v e .  I he de tec tor

rad ia t ion  power s e n s i t i v i t y  is n o m i n a l l y of co n s t a n t  v a l u e  ( w i t h i n  ~~2 )  over

I - i i-



t h e  - i i t i r e  d e tc ’. t I I r  s u rt a c e .  ‘ l a -  p e a k — s e n s i t i v I t y s u r f ac e  p o sit i l i ns  of t he

(i t t t o  - s ’ . . t ’ r  e t a  s il y de t e  m in e d  b y m e an s  at  t he  St  ns i t i ve  d i f f e r e n t i a l

i n  r , I i i g t ’ T I l e n t  ( ‘ i l i p l i l v e d  h e r e .

It was  nc~~~’~- s a r y  t i  p r i v a l e  t he  d e t e t t I r s  w i t h  t r a n s l a t i o n  c a p a a i l i t ~

i n  the  t w o  d i r t - c t  i o ns  r , I f l s v l  r s l ’  to the h e an i s  to t u n (  t i l l ’ b e a m s  to

t h e  a . ’ , t v - s e n s i t i v i t v  s pa t s .  1 h i s  p r o c e d u r e  was  e s s e n t i al  f l ! -  a c h i c t - i n g

ii’i e a s u r & i i i e n t  s t a b i l i t y  b e c a u s e  beam j i t t e r  on t h e  s i des  of t he  peak would

r t ~~~~~ i t  i n  t h e  g t ’n ,  r a t i o n  of d i f f e r e n t i a l l y un u omn p e n s a t e d  s i g n a l s . I l oweve  r

w i t h  b o t h  d e t e c t o r s  p e ak e d , si gn -il c h a n g e s  r e s u l t i n g  f r o m  beam j i t t e r  w e r e

m i - M U - e d  t I  an  a c c e p t a b l e  l e v e l .

O s c i l l o s c o p e  p r e  st ’n t a t i o n s  of t i me  l a b o r a t o r y  da ta  I ht a  mcd w it h  t h e

y s t e n i  a rc  sh Iwli in  F i g s .  2 ( a ) ,  2 ( b ) ,  2 ( c ) ,  and 2 ( d ) .  Chopp ing f r e q u e n c y

fa r t h e se  t r a ’ .  es  is n am t n a l l y 18 l I z  f o r  e ach  case .  ‘I he r e f e r e n c e  ( — B )  and

;~ r &i ~~e ( A )  s i g n a l s  as v i e w ed  i n d e p e n d e n t l y on the  scope ( t h e y  a r e  s ho w n

h e r , ’  i n  s u p e r p o s i t i o n )  a r e  s h o w n  in Fi g. 2 ( a ) .  The  s i g n a l  l eve l , c o r r e -

s p o n din g  t o  I .  is 12 m\ ’  and is d i s p layed  on e i t h er  s ide of the  z e r o  (no

l i ~~h t t  l e v e l .  N o t e  t h e  a b s e n c e  at  a n y  t r a n s i e n t  e f f e c t s  at the i n s t an t s  of

ch o p p i n g ,  e i t h e r  on or o f f .  ‘1 he top  t r a c e  of Fi g. 2 ( b )  is the  —1 3 t r a c e  a l o n e

w i t h  a r e d u c e d  a m p l i f i e r  f r e q u e n c y  band pass (0 to 1 k l I z ) ,  r e l a t ive  to the

I’ ig .  2 ( a )  d i sp l ay  (0 to 1 M H z ) .  S i m u l t a n e o u s  d i s p lay ot the  ba lan ced  A - B

s i g n a l s  r e s u l t s  in the  m iddle t r a c e  in F ig .  2 ( b ) .  ‘l ’hese t w o  t r a c e s  a r e

o b s e r v e d  at a 10 - m V/ c m  d i f f e r e n t i a l  ga in .  The bot tom t r a c e  in t h i s  f i gu re

is d i s p layed at a gain  t h r e e  o r d e r s  of m a g n i t u d e  smal le r t han  the  two top

- 12 -
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( lO mV/cm )

1-mHz BANDPASS
(a)

~~~~~~~~~~~~~~~~~~
_ iii 

-B

~~~~~~~~~~~~!~~~~~~~~

i8x 10’4 A - B ( l0 pV/crn )
1-kHz BANDPASS

I b)

Fi g. ~~~. F 2 a b s o r p ti o n  d e v i ce  scope
t r a c e s .  (a)  and (b ) .

b
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100-Hz BANDPASS
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Fig .  ~~. F .~ ab s o r p t ion  dev i ce  scope
r i c e s .  (c ) and (d ) .
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t r a c e s  ( i . e .  • 10 ~i V/ c m) ,  w h e r e  the p r e v i o u s ly u n o b s e r v a b l e  imbalance  of

9 iv (
~~I/ I~ = 8 x is seen.  F u r t h e r  r e f i n e m e n t s  in si gnal  presenta-

t i o n  a r e  shown in Fi gs. 2 ( c )  and (d ) .  Fi gure  2 (d )  was obtained with the

ampl i f i e r  band pass reduced  to 100 Hz. A lowe r l imi t  s e n s i t i v i ty  of 1 par t

in t O 4 
is shown in the cen t r a l  t r ace.

15



III.  C A I ~ [ }t R A T l ( )N

I lie F’
2 c o n t i n u u m  a b s o rp t i o n  c o e f f i c i e n t  at 325 n n i  (~~ . 70 t i t e r  / l l  I ’  Ic

cm l  is  o b t a i n e d  f o r  ~ ‘~8 U b y i n t e r p o l a t i o n  of t he  data  o bt a i n e d  by  S tcu n e n b e rg

and \ o g e l  [t . ] . The  t e m p e r a t u re  e f f e c t  on the  F ,~ a b s o r p t i o n  c o e f f i c i e n t  f or

t h e  F , o r i t i n u u n i  has  b e e n  a lcu l a te d  b y l io f  land [7 ]  and is p r e s e n t e d  in

I- i g .  in  t e r m s  of a b s o r p t i o n  c o e f f i c i e nt  v e r s u s  t e m p e r a t u r e  f o r  the  3 2 5 — n m

w a v e l e n g t h  F i e C d  l a s e r .  ‘T h e r e  is a n e a r l y c o n s t a n t  t e m p e r a t u r e  d e p e n d e n c e

o v e r  t h e  t e r i l p e  m a t u r e  r a n g e  of i n t e r e s t  ~ p to -
~~~

- 700 K and a m a x i m u m  reduc-

t i o n  of 1 5 1 ;  at 1 500 K.

‘T h c  1- , a b s o r p ti o n  d i ag n o s t i c  was c a l i b r a t e d  d i r e c t l y in an F2 cold-

t i & ; w  f a c i l i t y .  F
2 d e n s i t y  a long  a path  l e ng t h  b e t w e e n  w i n d o w s  was d e t e r m i n e d

b y i n t r o d u c i n g  1
2 in an N ., d i lu e n t  at k n o w n  p a r t i a l  p r e s s u r e s  in to  the f l o w i n g

m e a s u r er -i i en t  c h a m b e r  w h i l e  m o n i t o r i n g  stead y - s t a t e  c h a m b e r  p r e s s u r e

and  t e m p e r a t u r e .  A f l o w i n g  s y s t e m  was used to e n s u r e  a g a i n s t  F’
2 ‘wall

loss  e f f e c t s .  Ex c e l l e nt  a g r e e m e n t  ( w i t h i n  L 2 ’ - )  was  ob ta ined  over  the  r a n g e

- 8 ~ 1O~~~ to 2 . 9 x io 2 E etw e en  the m e a s u r e d  a b s o r p t i o n  and the

c a l c u l a t e d  a b s o r p t i o n  based  upon the  m e a s u r e d  f l u o r i n e  d e n s i t y  (Fi g. 4 ) .

I
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Fig.  3. Theore t i ca l  ca lcula t ion of t e mp e r a t u r e  e f f ec t  on F2
con t inuum absorpt ion  coe f f i c i en t  at 325 nm
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I V. E X P E R I M E N T A L  R E S U L T S

Hot - f low F 2 absor ption measurements  were  made b y means of the

s e n s i t i v e  F
2 

absorp t ion  d iagnos t i c  device in an Aerospace  a r c - h e a t e d, cw

c h e m i c a l  laser  f a c i l i t y .  The probe laser  beam was pos i t ioned 20 mm down-

s t r e a m  of the nozz le  exit p lane along the je t  c e n t e r l i n e  a c r o s s  the long

d imens ion  of the jet (1 7. 8 cm) .  At this axial location , the jet static pres-

su re  c losely approx ima tes  the more  readily m e a s u r a b l e  cav i ty  p r e s s u r e .

The nozz le  emp loyed was a s tandard 36-s l i t  MESA nozz le  [8]. CaF 2 windows

w e r e  used fo r  probe l a se r -beam t r a n s m i s s i o n .  The m e a s ur e m e n t  was made

i n i t i a l ly f o r  the cold f low to check the a g r e e m e n t  with the  c a l i b r a t i o n  and

for  v e r i f i c a t i o n  of the expe r imen ta l  setup.

The absorpt ion  equation for  th is  e x p e r i m e n t  can be expressed  as

(1 - ~i) = exp 
[

~8. 70 
~F2 

( m o l e/ l i t e r )]  X 17. 8 ( c m )  ( 1)

M e a s u r e m e n t  of ~~I/ I  allows d e t e r m i n a t i o n  of , the f l u o r i n e  molar
2

d e n s i t y  along the probe beam in the cav i ty .  The mola r  f l u o r i n e  d e n s i t y  in

the cavi ty  may also be calculated fo r  an assumed i s e n t r o pic expans ion  f r o m

the p lenum by means of the equat ions

. (
~‘ 

2.) 
~~ 

(2 )
total

~2 1-



i/ - vI p  \
p ( —s— I ( 3 )
t ’p t ’

a n d

Pt 4Pt 
- 

RT t

h e r e  . p. and ‘1’ a r t -  the  gas  d e n s i t y ,  p r e s s u r e , and t e m p e r a t u r e, respec-

t i\  el y ;  s u b s c r i p t  t r e f e r s  to p lenum ( t o t a l)  c o n d i t i o n s ;  s u b s cr i pt c r e f e r s  to

a v i t v  c o n d i t i o n s ;  R is the  gas cons t an t ; -‘v’ = c / c ; and ~i is the m o l a r  f low

r a t e .

The  k n o w n  m a s s  f lows  of F 2 
and He d i luen t  gas and me a s u r e d  cavi t y

a n d  p l e n un i  p r e s s u r e s  al low the c a l c u la t i o n  to be made.  The He d i l uen t

m o l a r  f l o w  was  100 t i m e s  the F
~ 

f low in these  t es t s .  Hence , ‘y 1 . 6 7  was

t ’ ? l l p i I ) y c d  l a - r e .  F o r  the  c o l d - fl o w  t e s t s ,  T
t 

300 K.

1-or  hot f l o w  c o n d i t i o n s,  t he  p lenum t e m p e r a t u r e  was calcu la ted  b y

m e a n s  of the  p r e s s u r e  r a t i o  method , i .  e.

2
/ ‘~t \

T T i 1-lot (5)
t FIot t co ld \P tCold J

for cons tan t  mass-f low condi t ions .  A f ict i t ious  cavity molar f luo r ine  densi ty

in a hot flow (p F was then calculated with no dissocia t ion assumed in the
2

plenum. Division of the measured F 2 densi ty  by the f ic t i t ious  F2 densi ty,

-22-



w h e r e  no d i s s o c i a t i o n  ~ -as a s s u me d  to have  t a k e n  p l a c t - , r e s u l t s  in a c on v e n ien t

n o r m a l iz a t i o n  f o r  data  p r e se n t a t w n. i . e .  , p 1-. / p 1.- - 1 - -
~~ , w h e r e

2 n i e a s u r edj  2t
is the  s t a n d a r d  d i s so c i a t i o n  leve l  d e f i n e d  v a r i o u s l y b y

-

ni , n , ,  2 2
-, 

F 
= 

m e a s u r e d  (6 )
ni . 4 r~n r~’i - + 2i~i -F F 2 F F 2 1- 2

I-’ or the  co ld- f low case , p p
1- 2 F2

l)i ’t a f o r  a tes t  s e r i e s  a r e  p r e se n t e d  in I” i g. 5 in t e rm s  of 1 - .‘ v e r s u s

p l e n u m  t e m p e r a t u r e .  Mass  f lows w e r e  m a i n t ain e d  at 
~~ Ile = 4. 00 g / s e c  and

m
E 

0. 445  g / s e c .  The p lenum p r e s s u r e  was 1 a tm , and the c a v i t y

p r e s s u r e  was ma in ta ined  at 10 T o r r  b y m e an s  of d o w n s t r e a m  v e r n i e r

t h r o t t l i n g .  The co ld- flow m e a s u r e m e n t  made at 300 K p l e n u m  t empera -

t u r e  y i e l d e d  a m e a s u r e d  value c o r r e s p o n d i n g  to no d i s s o c i a t i o n , w h i c h

is in a g r e e m e n t  wi th  e x p e c t a t i on s .  As p l enum t e m p e r a t u r e  is i n c r e a s e d

to -‘-‘ 1000 K (at I atm p r e s s u r e) ,  the d i s s o c i a t i o n  of n’io lecu la r  f l u o r i n e

beg ins  and by 1500 K is comp lete.  The d i s s o c i a t i o n  c u r v e  is i n c l u d e d

in the f i g u r e  to i l l u s t r a t e  the t e m p e r a t u r e  r a n g e .  Because  of p l e n u m

t e m p e r a t u r e  un c e r t a i n t i e s, the test  points  w e r e  t a k e n  o ver  a r ange  of

t e m p e r a t u r e s  to e n s u r e  that  the  o b s c u r i n g  e f f ec t s  of i n co m p lete p l e n u m

dissoc ia t ion  w e r e  e l im ina t ed .  In the  t e m p e r a t u r e  r eg ion f r o m  1500 to

1900 K , the d issoc ia t ion  level is low , i . e .  , < 0. 5. In addit ion , the

d i s soc i a t ion  level is reduced with increa8ed tempera ture , clear evidence

-2 3-
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of s t r o n g  r e c o nm b i n a t i o n  of  the  f l u o r i n e  a toms in e x h au s t i n g  the n o z z l e .

Gas -phase r e c o r t i b in a t i o n  y ie lds  onl y a f r a c t i o n  of t h i s  m e a s u r e d  va lue ;

hence , the bu lk  of t h i s  r e c omb i n a tio n  is expected to be the  resul t  of wal l

e f f e c t s .  The ca l cu la t ed  c a v i t y t e m p e r a t u r e s  and F 2 p a r t i a l  p r e s s u r e s

( a v e r ag e )  are i n d i c a t e d  nea r  the room-  and hi gh - t e m p e r a t u r e  e xp e r i m e n t a l

po in t s  for  c o n v e n ien c e .

A s i m i l a r  e x p e r i m e n t  was p e r f o r m e d  with SF
6 as the F 2 sou rce .  In

t h i s  case ,  no c o l d - f l o w  d e t e r m i n a ti o n  was poss ib le ;  but h o t - f l o w  tes ts

i n d i c a t e d  the  p r e s e n c e  of F2 ( F i g .  6) .  The SF
6 

flow ind ica ted  ~ to be 0. 79

at 1500 K wi th  a total  poss ib le  m o l e c u l a r  f l u o r i n e  flow equal to th ree

m o l e c u l e s  F z per each SF
6 molecu le  assumed for  p u r p o s e s  of n o r m a l i z a t i o n .

T h i s  low va lue  is c e r t a i n l y the resu l t  of i ncomplete p lenum dissoc ia t ion  of

the  SF’6. At a hi g he r  t e m p e r a t u r e, 2100 K , the m e a s u r e d  is ‘—‘0. 45 , more

n e a r l y c o n s i s t e n t  wi th  the F 2 flow m e a s u r e m e nt s .  D e t e r m i n a t i o n  of F-a tom

c o n c e n t r a t i o n  f r o m  t h i s  SF b m e a s u r e m e nt  is , of c o u r s e , much  less s t ra ight-

f o r w a r d  t h an  f r o m  the  1- 2 
m e a s u r e m e nt s ,

—25 —
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V .  C C)N C LU D I N ( ;  R I - i M A R  KS

A t e c h n i que was deve loped  to m e a s u r e  low- l eve l  ~ ‘ 
2 c o n ce n t r a t i o n s

by m e a n s  of a d i f f e r e n c e  a b s o r p t i o n  m e a s u r e m e n t  wi th  s e n s i t i v i t y

i0~~~, ( o r r e s p o n d i n g  t o a F ’ ) _ p r e s s u r e  path l e n g t h  
~ 

r o d uc t  of 0 . 215

T o r r  cm at 300 K. The  d i a g n o s t i c  was app lied to a h o t - f l o w  ch e m i c a l  l a se r

and i n d i c a te s  t ha t  a r a t h & - r  hi g h r e c o i r a h i n a t i o n  in the n o z z l e  f lows , ~ = 0 . 4 to

0. ~ , ex t  st  s . \ V a I l  r t - c om b i n a  t i o n  i n  t h i s  ch e r n i c a l— l a s e  r n o z z l e  may  have  had

a ( l o n m i n a n t  i n f l u e n c e  i n  d e t e t - n i i n i n g  F’ — a t o m  c o n c e n t r a t i o n s  in  a l l  HF ( D F )

c h e m i c a l  l a s e r s  in ~vh i h t h i s  n oZz l e  i s  u s e d

.2 7 .  
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I i l l -  IV A N  A - (;E:’I I ING LA lc~~ RA ‘I Om i l E s

• I h ~- ‘, .c ~~. , r.c,.,r~ ip c - r . . t ~~c c r c c ct T he A e r . .s p a c  e C r p c c r a t , o r c  is ‘ c ’ c c i . c c t c n g

c - a p t - c l  m,-n, - c i  a n d  t i  n- t ic  a n - , s t c g a t i o n s  nec e s a a ry  c r the ,~‘ .-a i ua t c on  and

aT c p iic a t c o n  cl 91 , - n ,c  f t c  , i ,ts ’a nc c -s  e .  , c - sc m i l it a r y  c o nc e p t s  and s y .  ,ems . V e r  -

— a t  l c t v  and f l e x , b c ! , t \ as’,’ ., , ‘ , , d ’ , -  Iop,- d t c ,  a high d. g r e c  i~v t he Ia ’c c c r a t o r y

p.- r’c , ,u, c’l ri dea l ing  cc t h  H.,- rcc., nv p r,’~,Ien, cc en coc in t , -  red r, the nat icc ic i g rapid ly

l .- se i .cp .~’,g s pac •- a, ‘~ n c c s s i i,- cv s t e m ’ ’is . i’~xpc rt . - . . -  cc th,- i , c t . ,  sc ,e n t i f c c  d c — e l —

, p c , . c - n t s  is s i t a l  to t h e  . i . c c c n , p l c ’ . h c c c t - n t  o f t a s ics re Ia~ ,-d mc,  H - s e  p rob lems , T h e

Ia~. .  ri, , .,‘ -c t hat c o u t  r c l c u t e  c t h i s  r e s e a r c h  a re

La ,cnc Ic and r e e n t ry  ‘a.- r .c ’ iy n a m c c B , heat t ran.-
~c r . r,- c - n t  r~ p F s i c - c  - hecn, c a! I’ c r i e t c c  8 , ci t r , lctu ra l ~~, c ’ harc ics - f l ight dynamic s -
..tmos ph~ ru pot icc i c ci . and high’ powe r gas  ias er s .

( henic  s ir  y and Ph y s c c ’~ LaI,cc rator1: A t r , c - ,  ,.phe rc  - re ac t ,u cn .  and atmos.
pO r - . . cc p ttc ’ 5 . rhe rc ic  a l r e a c t i o n s  in polluted . . t c c . .  ca p h.- r es . c’ hernical r, ,* c t c c c n s
ot • S c  i c - c l -,,c . - c i e s  in r o cke t  p l c i r c . e c . c h e m i c a l  therrood yna rac cc  c- plas ma and
lase r  -~ c- cch u ,  ed reac  t i i c f ls . l as e r  chemc st  c c ’ . p r ic pcu l sc o r i  c + , c - r , l u  St ry.  spac e vac  ciii,,,
a c-vt ra d ia t c  ‘n ,-~ ‘ - c  on m a t e r i a ls. i t ’  r c ,  at ion and s u r f a c e  pheno mena , photo.
s c n s i t c  y e m a t e r i a ls and s e n s o r s , h, g I p r - c  i s ion laser  ranging, and the appic -

calico’ , of p h y s i c  s and c h e m i s t  r -‘ to problems ccl law c -- f r, ement and biu’an-,ed i c c , , - ,

E l e c t r on ic - s_ Re s e a r c h _ Labccra~~~~~: I I,’ t rI magn et ic  theo r y ,  d e v i c e s , and
p r . c p a g a t u o n  phenomena . inc iucd ~ ng p la s ma d e c  t r c i m a g c c c - t . . 5 . 1ccantum el e c t  ron, . s .
l a s e r s , and el e c - t r c , -  op t ic s  - communicat ion sc i e n c e s , app l ied e l ec t  t on ic 8 . s e r c c

on d u ct c  ng , s ci p e r c  cc ndc i  H ng , and c r ys ta l  d e v c c  e ph y s i c - a , op t i c a l  and ac c c c s t c i  al
i maging, a tmospher ic  po l lution; mil l imeter wave and f a r - i n f r a r e d  technology.

M a t e r i a l s  S c i e n c e s  Laborator y :  Deve l opn c ent of new mater ia l . ;  metal
matr ix c o m p o s i t e s  and new form s of carbon;  t e s t  and e’ a l i a t c o n  of grap hi te
an d ce ram ic  a in r ,-e n t  ry :  s pacec ra f t  mate r c a l s  and e l e c t  ron i c  components in
nuc lear wea pons environment ; app li c ation of Ira, t c c  re m e c h a n i c  a to s t r e s s  co t  -

r , ,s con an d fa t igue.  c ndci c e d f r ac tu res  in s t ruc tu ra l  meta l s  -

Space Science.  Laborator y : Atmo s p heric a nd io nosp heric phys ic . , ra dia-
tio n from the atmos p here , den s i ty  and compos i t ion of the abi co s p here, au ro rae
an d ac rg lc cw . ma gnetosp he r i c  p h y s i c s , co s mic  r a y s , gene ra t i on  and propagat ion
of p l a s n c a  w a s - c s  in the magnetos p he re ;  so lar ph y s i c  s , st ,i dc ,’s of s oiar magnet ic
f ie ld . ;  s pa c e . c c t r c c n c c m y .  x - ray  a c t  rc, non cy: the e f f e c t s  cc f nuclear exp ios ions ,
magn et i c  s t o rms , an d solar  i c  t uv i t y  on the e a r t h ’ s a tmcc s phere , iono .p her . - and
n . c ~~netc .s phere ;  the e t f e c t a  - c i  o p t i c a l , e l e c t r o m a g n e t i c , and part iculate radia-
t u r iN in a pace  on s pace  s y s t e m s .
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